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We discuss the thermal instability in a layer of dielectric ﬂuid when the boundaries of the layer are subjected to small amplitude
Time-periodic body force (TBF). Perturbation solution in powers of the amplitude of the applied temperature ﬁeld is obtained
using the Venezian method (1969) [1]. A linear stability analysis is performed. The results of the study, indicate that TBF
or g-jitter leads to delayed convection Also for large frequencies the effect of TBF disappears.The problem has relevance in
many dielectric ﬂuid applications wherein regulation of thermal convection is called for.
1 Introduction
Exploration of effective mechanisms of controlling convection in dielectric ﬂuids is incessantly going on and has multifarious
applications. An important class of natural convection problems is concerned with the difﬁculty in avoiding convection in the
earth’s gravitational ﬁeld even when the basic temperature gradient is uniform and interfacial instabilities can be ignored. In
the case of natural or simulated microgravity studies, time-dependent acceleration of sufﬁcient amplitude due to maneuvers
and inherent mechanical vibrations lead to convection. This is referred to as the g-jitter effect. Time-periodic Body Force
(TBF) is an externally modulated control of internal convection and may be realized by vertically oscillating a ﬂuid layer in
a constant gravitational ﬁeld. Problems such as these have relevance in crystal growth in extra-terrestrial environment and
attempted laboratory simulations of the same. Benjamin and Ursell (1954) examined the effect of TBF on the existence of
standing waves on the free surface of a liquid in a vessel. Gresho and Sani (1970) studied the effects of TBF on the stability
of a heated ﬂuid layer. The stability of viscoelastic ﬂuids in a modulated gravitational ﬁeld was investigated by Yang (1997).
Recently Siddheshwar and Pranesh (1999, 2000) [2] examined the effect of g-jitter for weak electrically conducting and
electrically conducting micropolar ﬂuids. We investigate the effect of small amplitude TBF on the onset of convection in a
horizontal layer of dielectric ﬂuid using the Venezian method (1969) [1]. A linear stability analysis is performed.
2 Mathematical formulation and solution
Consider an inﬁnite horizontal layer of a dielectric ﬂuid of thickness h. We choose a Cartesian co-ordinate system x, y, z in
which z is measured perpendicular to the boundaries and the origin is on the lower boundary. The lower plane surface is at
z = 0 and the upper one is at z = h. The lower surface is grounded and the upper surface is kept at a high alternating (60 Hz)
potential. A periodically varying vertical gravity force acts on the ﬂuid and is taken as
g = g0[1 + ε cosωt]kˆ. (1)
The Navier-Stokes equations describing ﬂow in an Boussinesq Newtonian dielectric ﬂuid are considered. The linearized
equations governing the inﬁnitesimal perturbations are non-dimensionalized and solved subject to the following conditions
appropriate for stress-free, isothermal boundaries. Following the Venezian approach we obtain the critical Rayleigh number
as
R2c =
(R0 + L)2a2
2
∑
[n2π2 + a2]Cn (2)
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R0 is the critical Rayleigh number for unmodulated Benard convection in dielectric ﬂuids. a is the horizontal wave number,
Pr the Prandtl number, and L the electric Rayleigh number (see Stiles et al. (1993)).
3 Conclusion
The results obtained are based on the assumption that the amplitude of TBF is small. When ω < 1, i.e. the period of TBF is
large, the TBF affects the entire volume of ﬂuid and hence the disturbances grow large. On the other hand, the effect of TBF
disappears for large frequencies. This is due to the fact that the buoyancy force takes a mean value leading to the equilibrium
state of the non-TBF case. In the TBF problem R2c is a crucial quantity which determines whether TBF leads to sub critical
instability or not. In Figure a, R2c is plotted against ω for different values of L (the Prandtl number Pr being ﬁxed). It can
be seen that R2c increases with increase in L at a given frequency ω . The electric Rayleigh number L is the ratio of the
electric to gravitational forces. L has a stabilizing effect on the ﬂow. It is also interesting to see from the ﬁgures that for given
L, R2c ﬁrst increases with increase in ω, reaches a maximum and then decreases with increase in ω. This shows that for a
dielectric ﬂuid, the ﬂow is stabilized for small values of ω and destabilized for large ω. There is also a value of ω for which
the stabilizing inﬂuence is maximum and this maximum increases with increase in L. The results of the study, indicate that
TBF or g-jitter leads to delayed convection Also for large frequencies the effect of TBF disappears.
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